1. Respiratory rate 30, zero end-exspiratory pressure (ZEEP) 6 animals. 2. Respiratory rate 40, ZEEP 6 animals 3. Respiratory rate 30, positive end-exspiratory pressure (PEEP) 6 animals 4. Respiratory rate 40, PEEP 6 animals. Reanimation with three various ventilation: compression ratios -1:2, 1:3 and 1:4 -each carried out for 10 minutes, was carried out on each of the animals. In order to exclude progressive changes occurring during the course of reanimation from confusing the results, the sequence in which the three various ratios were applied was also randomized. The animals were first anaesthetized with an intraperitoneal injection of Nembutal, and were then given a muscle relaxant and intubated. After a steady state had been achieved under mechanical ventilation (Servo-Ventilator) and 100% oxygen, and after the internal jugular vein, common carotid artery and femoral artery had been cannulated, cardiac arrest was induced with an intravenous injection of 10 ml of potassium chloride solution (1 mmol/ml). In the subsequent reanimation phase the animals were ventilated at a rate of either 30 or 40/min using a baby AMBU-Bag. In two of the groups a positive end-exspiratory pressure of 5 cm H 2 O was applied, using an AMBU-PEEP-valve. Cardiac massage was carried out by manual external compression of the thorax with the animals in the supine position, at a frequency of between 60 and 160/min. Arterial blood-gas and acid-base analyses were carried out at 5 min. intervals, so that for each ratio used two separate measurements were made. The systolic arterial pressure was monitored during the whole period of reanimation using a continuous tracing, and mean arterial pressure was recorded from the monitor used, every thirty seconds. In the following, these parameters are represented by the value at the midpoint of each 5 min. interval. Serum lactate concentration was measured at the end of each of the three phases of reanimation. Exspiratory volume and CO 2 -concentrations was measured by collecting the exspiratory gases in two parallel DOUGLAS bags over 5 min. intervals.
Calculation of the respiratory minute volume, tidal volume, dead space volume and alveolararterial difference in partial pressure of oxygen was based on the blood gas and above mentioned measurements of respiratory function. CO 2 -production was used as a parameter for the degree of aerobic metabolism occurring.
Statistical methods
The mean and standard deviation of all the 5 and 10 minute values were calculated. The various ventilation: cardiac compression ratios were compared using the mean values of all the animals at the same points in time, using Student's paired t-test. Comparisons between the ZEEP-and PEEP-groups and between the respiratory rates of 30 and 40 were carried out by comparing identical points in time using WiLCOXON's U-test for the comparison of two independent samples.
Results

Comparison of ventilation;
compression ratios of 1\: 2,1: 3, and 1:4
Cardio-circulatory parameters
A slight fall in mean systolic pressure ( Fig. 1 ) was found to be associated with the higher cardiac compression rates. The values at 10 minutes were lower than those at 5 in all groups. During the intervals between thoraxic compression a diastolic pressure of approximately 5 mm Hg was recorded. The mean arterial pressure of all groups was approximately 25mm Hg, here again the pressures recorded at 10 minutes were not as high as those at 5 minutes.
Respiratory function
The arterial partial pressure of oxygen ( and 37 mm Hg. A slight increase was observed during the course of reanimation. Only slight changes were found in the respiratory minute volume and tidal volume during application of the three various ratios.
The very high values of the ratio between dead space and tidal volume of between 0.8 and 0.9 ( Fig. 3) are the results of the very low. effective pulmonary perfusion. Similarly, the alveoloarterial difference in partial pressure of oxygen which can be regarded as a parameter of the intrapulmonary right to left shunt, indicated a marked increase in shunt.
Metabolic parameters
No significant differences in the arterial pH-values (Fig. 4) could be found between the three groups. The serum lactate levels at ten min. were in all groups approximately 12mmol/l, an indication of the very marked metabolic acidosis present. The highest CO 2 -production ( Fig. 5) , which under these standardized conditions can be regarded as a parameter of aerobic-metabolism, were found when a ventilation: compression ratio of 1:3 was used. This difference was not statisticly significant however. 
Cardio-circulatory parameters
The pre-arrest mean arterial pressures lay between 60 and 70 mm Hg. During cardiopulmonary reanimation this value fell in all the groups to approximately 20-30 mm Hg and remained at this level during whole course of the investigation. Significant differences between the groups could not be found.
Respiratory parameters
Prior to cardiac arrest, arterial Po 2 -values lay between 300 and 400mmHg ( to the low effective pulmonary perfusion after this short space of time already. During the further course of reanimation this value approached 1.0 (Fig. 7) . The group ventilated with a respiratory rate of 40 and PEEP had, also with respect to this parameter, more physiological values. The alveolararterial difference in partial pressure of oxygen showed similar changes.
Metabolic parameters
CO 2 -production was higher in the groups ventilated at 40/min and was lower in the PEEP than in the ZEEP ventilated groups. No significant differences could be calculated however (Fig. 8 ).
Discussion
The general principles of cardiopulmonary reanimation following neonatal cardiac arrest are no different to those applied to adults, the wholly different physiological parameters of respiratory and cardiovascular function must be born in mind however. For the first part of our investigation we therefore chose to evaluate the effects of respiratory frequency and cardiac compression rates and the ratio of these two one to another. With respect to size, weight and thoraxic cage anatomy the piglets of three -four kg body weight used can be accepted as a reasonable animal model. The marked and rapid circulatory and respiratory readjustments present at birth are of cause no longer present in these animals, hence results defined by animal experiments such as these cannot be regarded as wholly representative of the human situation.
As previous experiments conducted on pigs of approximately 25 kg body weight have shown, cardiac minute volume falls to about a third of the initial value during cardiopulmonary reanimation. The technique and equipment for the measurement of cardiac minute volume cannot be used on small animals, so that we had to leave out measurement of the cardiac minute volume and arterial flow. Independent of the ventilation and compression rates used and of their one to another, all parameters measured showed a change from normal sure of stationary blood [8] . The measured mean values of approximately 25 mm Hg were hence very low. Failures in measurement were excluded by taking separate recordings from both the abdominal aorta and the femoral artery. The slightly lower pressure values at 10 min. can probably be explained by the reanimator becoming somewhat tired. Ventilation with 100% oxygen resulted in an adequate arterial oxygenation in all groups. This, despite the fact that alveolar ventilation was only between 10 and 15% of the respiratory minute volume. The high dead space ratio and alveolararterial difference in partial pressure of oxygen indicate that a marked disturbance of pulmonary blood distribution, ventilation and perfusion is occurring under these conditions. Comparison of the various ventilation: compression ratios used showed no significant differences in respiratory or hemodynamic parameters. If the CO 2 -production is regarded as a measurement of aerobic metabolism and hence as an indirect measure of the efficacy of reanimation, then our results indicate that the use of a ventilation: compression ratio 1:3 as compared to 1:2, 1:4, 1 : 5, is that which should be used. The fact that this ratio is in accordance with the physiological, respiratory and circulatory parameters of the neonate (respiratory rate of approximately 40/min, heart rate of approximately 120/min) supports these results. The effect on arterial oxygenation also indicates that the respiratory rate of 40/min should be used. The markedly improved CO 2 -output when this frequency is used is a further indication in this direction. It seems possible that on using this higher respiratory rate cardiac compression and ventilation are more often concomitant, and, as in the technique of "new cardio -pulmonary resuscitation" a more marked increase in intrathoraxic pressure and blood flow is so achieved [11] .
Comparison of the use of a respiratory rate of 40/min without the use of the positive endexspiratory pressure of 5 cm of water with use of a respiratory rate of 30/min and either ZEEP or PEEP shows an improvement in arterial partial pressure of oxygen of only 100 from otherwise 70 mm Hg. When a respiratory rate of 40/min is combined with the use of PEEP however a highly significant increase in ? ?aO 2 , an improvement in AaDO 2 and a decrease in dead space volume is found. Both PEEP-groups had higher base excess and lower CO 2 -production values than those animals ventilated with ZEEP, a significant difference could not be calculated however. The animals which were ventilated with a respiratory rate of 40 and PEEP had better values prior to cardiac arrest than the animals ventilated at 40/min with ZEEP, it is therefore difficult to say whether the more physiological parameters found in the former group are a result of the PEEPventilation used, or are only a reflection of the better initial values of these animals. Animal experiments carried out by HODGKIN et al. [9] on pigs of body weight between 14 and 26 kg also showed a markedly better degree of oxygenation under the combined use of a respiratory rate of 40/min and PEEP> so that this technique is indeed probably the best.
Conclusions
Basing reanimation technique on the known physiological data of the neonate (respiratory rate of about 40/min and heart rate of approximately 120/min) results in a ventilation: compression ratio of 1:3, or multiples thereof. No marked disadvantages of ventilation: compression ratios higher or lower than 1 :3 could be shown in this study, on the other hand, no advantages of the various other ratios could be found either. For these reasons we are of the opinion that neonatal cardiopulmonary reanimation should be carried out at a respiratory rate of 40 and cardiac compression rate of 120/min, from which follows that a ratio of 1 :3, or multiples thereof, should be used, rather than the previously recommended ratio of 1 : 5, which has neither physiological nor experimental foundation. Furthermore, because better oxygenation can so be achieved, and because the majority of low APGAR neonates have a high pulmonary restriction, positive end expiratory pressure ventilation using approximately 5.0cm of water should be applied as soon as possible.
Summary
Study of the literature on the cardiopulmonary reanimation of low APGAR neonates reveals wide descrepancies in the recommendations given respect to ventilation and cardiac compression rates, and the ratio of these two factors to each other. While most authors agree in suggesting a ventilation rate of between 30 and 40 per minute, the recommended rate of cardiac compression varies widely from 60, up to 140 per minute. Based on the experience gained with adult reanimation procedures, most sources, including the AMERICAN HEART ASSOCIATION [1] , recommend a ventilation: compression ratio of 1:5. The above mentioned rates make this untenable however. In order to determine which ventilation: compression ratio is most suitable, studies were carried out on 24 piglets of body weight between 4 and 5 kg which were first anaesthetized, given muscle relaxants and intubated. Following chemically induced cardiac arrest, the animals were then reanimated using respiratory rates between 30 and 40 per minute and cardiac compression rates between 60 and 160 per minute at ventilation: compression ratios of 1: 2, 1: 3 and 1:4. The addition, the effect of applying a PEEP of 5 cm of water was evaluated. Measurement of arterial blood gases and acid-base status, arterial blood pressure, serum lactate concentration, expiratory CO2 levels, dead space volume, and the alveoloarterial difference in partial pressure of oxygen revealed that respiratory parameters were best improved when a respiratory rate of 40 per minute and a PEEP of 5 cm of water was applied, and that none of the ventilation: compression ratios used brought about a marked change in respiratory or haemodynamic parameters. In so far as CO2-production can be regarded as an indicator of the degree of aerobic metabolish occurring, and hence as an indirect measure of the efficacy of the reanimation procedure applied, our results indicate that the use of a 1: 3 ratio is more effective than ratios of 1:2, 1:4 or even 1:5. Basing reanimation technique on the known physiological data of the neonate (respiratory rate of about 40 per minute and heart rate of approximately 120 per minute) results in a ventilation: compression ratio of 1:3, or multiples thereof. No marked disadvantages of ventilation: compression ratios higher or lower than 1: 3 could be shown in this study, on the other hand, no advantages of the various other ratios could be found either. For these reasons we are of the opinion that neonatal cardiopulmonary reanimation should be carried out at a respiratory rate of 40 and cardiac compression rate of 120 per minute, from which follows that a ratio of 1: 3, or multiples thereof, should be used, rather than the previously recommended ratio of 1:5, which has neither physiological nor experimental foundation. Furthermore, because better oxygenation can so be achieved, and because the majority of low APGAR neonates have a high pulmonary restriction, positive end expiratory pressure ventilation using approximately 5.0 cm of water should be applied as soon as possible.
Keywords: Cardiac compression massage, newborn, PEEP, reanimation, ventilation compression ratio. La mesure des gaz sanguins arteriels et de l'equilibre acidobasique, pression sanguine arterielle, lactates seriques, niveaux de CO^ expiratoire, volume de l'espace mort et la difference alveolo-arterielle de la pression partielle en oxygene, a mis en evidence que les parametres respiratoires sont les meilleurs avec une frequence respiratoire de 40 par minute et une PEEP de 5 cms d'eau utilisee, et que aucun des rapports ventilation/massage utilises n'a entraine de modification importante au niveau des parametres respiratoires ou hemodynamiques. Pour autant que la production de CO 2 puisse etre consideree comme une mesure indirecte de l'efficacite des techniques de reanimation, nos resultats indiquent que I'utilisation d'un rapport 1:3 est plus efficace que les rapports 1:2, l :4 et meme que 1:5. En fondant les techniques de reanimation sur les donnees physiologiques connues concernant lei nouveau-ne (frequence respiratoire d'environ 40 par minute et frequence cardiaque d'approximativement 120 par minute), on aboutit ä un rapport ventilation/massage de 1/3, ou multiple de celui-ci. Dans cette etude, il n'a pu etre mis en evidence de desavantage notable avec des rapports ventilation/massage plus eleves ou plus bas que 1/3, d'un autre cote aucun avantage n'a pu etre trouve avec divers autres rapports. Pour ces raisons, nous estimons que la reanimation cardiopulmonaire neonatale devrait etre conduite avec une frequence respiratoire de 40 et une frequence de massage cardiaque de 120 par minute, d'ou il decoule qu'un rapport de 1/3, ou multiple de celui-ci, devrait etre prefere, plutöt qu'un rapport de preconise, rapport qui ne repose sur physiologique ou experimental. Par ailleurs, parce qu'une meilleure oxygenätion peut aussi etre assuree et parce que la majorite des nouveauxnes avec un APGAR bas ont des resistances pulmonaires elevees, on devrait utiliser des que possible une pression ventilatoire positive de fin d'experation d'environ 5 cm d'eau.
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